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BACKGROUND OF THE INVENTION 

This invention relates generally to heat shrinkable, relatively gas impermeable thermoplastic film which 
can be heat sealed to itself to form a flexible package. More particularly, it relates to a multilayer plastic film 
which can be used in the form of a hermetically sealed bag for packaging food products wherein the 
packaged product is submerged in heated water for cooking. Under these conditions the bag film is 
shrinkable and retains its integrity. 

There are numerous requirements for a cook-in shrink film including: domination resistance, low 
oxygen permeability, heat shrinkability representing about 30-50% biaxial shrinkage at about 90 °C and 
optical clarity. ' 

The prior art has developed a number of multilayer plastic cook-in films and certain of these are in 
commercial use. For example Bieler et al U.S. Patent 4,104,404 describes a ten layer film comprising four 
central Nylon layers, an ionomer layer on each outer side of the central layers, and two outer polyethylene 
layers on each outer side of the ionomer layers. The patentee demonstrates that delamination of the outer 
polyethylene layer under cook-in conditions was only avoided by irradiation dosage of the entire multilayer 
film at a level of at least 60 kGy (6 MR). 

^ o ™ er , C0mmerCia " y em P ,oved cook - in film ^ the type described in Oberle et al U.S. Patent 
4,469.742 also comprising six layers irradiated to dosage of at leasl 60 kGy (6 MR). The central barrier 
layer .s hydrolyzed ethylene-vinyl acetate copolymer (EVOH), chosen because of its higher softening point 
and superior oxygen barrier properties as compared to the saran-type barrier layer commonly used in 
multilayer films for ambient temperature applications. On each side of the barrier layer is an adhesive laver 
such as chemically modified polyethylene, eg. Plexar®. On the outer side of each adhesive layer is a shrink 
layer such as ethylene-vinyl acetate copolymer (EVA), and the outside (abuse) layer is also the EVA tv De 
having a vinyl acetate content of about 5-12 wt. %. The innermost (heat sealing) layer may for example be 
a propylene-ethylene random copolymer (PER). wwmyie oe 

ft will be apparent from the foregoing that these prior art cook-in films are complex both in terms of 
multiple materials and sophisticated manufacturing techniques i.e., six layers and relatively high irradiation 
dosage level to avoid delamination. a '»<iaianon 

A possible solution to the foregoing problems is a three layer film with EVOH as the barrier layer but 
tests have shown that such prior art three layer films either would not biorient, would tend to delaminate 
during cooking or have poor optical properties or have unacceptably low shrink value for cook-in 
applications, or a combination of these problems. Certain of these problems may be overcome by the use 
of EVOH - polyam.de blend core layers, but three layer films of this type with EVA inner and outer layers 
have typically been found to delaminate under cook-in conditions. A possible approach to this delamination 
problem is the use of adhesives, but EVA - EVOH type adhesives would be expected to create blocking 
problems, he., adhes.cn of adjacent inner EVA layers during manufacture of the film. To avoid the blockino 
problem, the prior art has provided additional layers on the inside of the adhesion layer or adhesive- 
containing blend layer, i.e.. the aforementioned six layer film. 

An object of this invention is to provide an improved cook-in type multilayer plastic film which has less 
than six layers. 

Another object is to provide a three layer cook-in plastic film which is relatively easy to process i e 
may be readily bioriented. F ' ' 

Still another object is to provide a three layer cook-in type film having high shrink, good optical 
properties and good inner layer adhesion, and no blocking problem. 

A further object of this invention is to provide such a three layer cook-in type film which does not 
ZTr- l l! ? Processing aids and does not require high irradiation dosage levels on the order 
ot 60 kGy (6 MR) to realize high strength. 

Other objects and advantages will be apparent from the ensuing disclosure and appended claims 

tt has been unexpectedly discovered that when a particular type of EVA and an EVA with anhydride 

TrfnlT Th f " ^ J* ^ S6COnd ° Uter ' ayerS 0< EV0H " P°'y amide 'VP* 3 ™ '^r films to 
perform the adr.es.ve function, these compositions do not create a blocking problem but actually function as 
antiblock agents during the extrusion process. 

More specifically, in its broadest aspect, the invention is a three layer plastic film having a core layer of 
between about 60 and 90 weight percent hydrolyzed ethylene - vinyl acetate copolymer containing between 
about 32 and 40 weight percent ethylene, being blended with between about 10 and 40 weight percent 
amide polymer having a melting point below about 216° C (420* F), the core layer providing an oxygen 



Copied from 10764673 on 03/10/2005 



EP 0 273 337 B1 



transmission rate below about 3,6 cmVm 2 urn thickness d bar (90 cc/M 2 /mil thickness/24 hours/Atm). 

This film also has first and second outer layers directly adhered to opposite sides of the core layer 
comprising a blend of ethylene vinyl acetate containing between about 7 and 15 wt.% vinyl acetate, and 
between about 5 and 20 wt.% of an ethylene vinyl acetate - anhydride functionality compound. The film is 
5 irradiated at a level of between about 10 and 50 kGy (1 and 5 MR). 

As will be demonstrated hereafter, this film is relatively easy to process, i.e., may be readily oriented, is 
not delaminated under cook-in conditions, has good optical properties and affords the desired high shrink 
value of prior art six layer cook-in films. Moreover it is easier to manufacture because of the fewer number 
of layers and lower irradiation dosage level. This advance in the cook-in film art is verified by applicants' 
io belief that based on presently available information, the prior art has not disclosed an EVOH-type barrier 
layer cook-in film meeting commercial requirements with only three layers. 

In a preferrred embodiment, the three layer film is fabricated into a bag form with the first outer layers 
enclosing the product in contigious association. 

15 DEFINITIONS 

As used herein, the terms set forth below will be understood to have the following meanings: 

"Polymer" includes homopolymers, copolymers, terpolymers and block, graft or random polymers. 

"Amide" or "amide polymer" means a Nylon including polycaproamide, polyfhexamethylene, ad- 
20 ipamide), polyhexamethylene sebacamide, polycaprylamide, polyundecanoamide, and polycrodecanamide. 
These Nylons are respectively normally known as Nylon 6; Nylon 6,6; Nylon 6,10; Nylon 6,12; Nylon 8; 
Nylon 11; and Nylon 12. The preferred amide polymer in the film of this invention is Nylon 6,66 (Chemical 
Abstract Service Number 24993-04-2). 

"Hydrolyzed ethylene - vinyl acetate" or "EVOH" means a hydrolyzed ethylene - vinyl acetate 
25 copolymer, preferably hydrolyzed to at least about 50%, most preferably to greater than about 99%. These 
compositions are also referred to as ethylene - vinyl alcohols and are ordinarily prepared by saponification, 
so are sometimes called "saponified ethylene - vinyl acetate copolymers". 

"Cook-in" refers to packaging material structurally capable of withstanding exposure to long and slow 
cooking conditions while containing a food product, for example submersion in water at 70 ' - 80* C for 4 - 
30 6 hours. Cook-in packaged foods are essentially prepackaged, pre-cooked foods which are directly 
transferred to the consumer in this form. These types of foods may be consumed with or without warming. 
Cook-in packaging materials maintain seal integrity and in the case of mulitlayer films, are delamination 
resistant. Cook-in films must also be heat shrinkable under cook-in conditions so as to form a tightly fitting 
package. Preferably they also have a tendency for adhesion to the food product, thereby preventing "cook- 
as out", which is the collection of juices between the outer surface of the food product and the inner surface of 
the film. 

"Linear low density polyethylene" or "LLDPE" means copolymers of ethylene and certain other heavier 
olefins as for example butene, hexene and octene, having a density of at least about 0.91 g/cm 3 and below 
about 0.94 g/cm 3 . 

40 "Anhydride" means a compound (usually an acid) from which water has been removed. An example is 
maleic anhydride. 

"Ethylene vinyl acetate - anhydride functionality compound" comprises with; (a) ethylene-vinyl acetate- 
anhydride terpolymers and (b) ethylene vinyl acetate with anhydride grafted thereto. 

"Irradiation" means exposure to high energy radiation such as electrons, X-rays, gamma rays, beta rays 
45 and the like, which induce cross-linking between the molecules of the irradiated material. Preferably, 
irradiation is carried out by an electron accelerator and the dosage level is determined by standard 
dosimetry methods. The dosage is measured in "rads" (Qy) wherein one rad is the absorbed dose, of 
ionizing radiation equal to an energy of 100 ergs (10~ 5 J) per gram of irradiation material. A megarad (MR) 
is one million rads. (10 kGy) 

50 

DETAILED DESCRIPTION 

With respect to the core layer, the amide polymer performs a plasticizing function for the hydrolyzed 
ethylene vinyl acetate copolymer (EVOH) which is the oxygen barrier component. The amide polymer must 
55 comprise at least 10 wt.% of the amide polymer - EVOH blend for processing, i.e., stretchability, into a 
biaxially oriented film. On the other hand, to retain the oxygen barrier performance the amide polymer 
should not comprise more than about 40 wt.% of the blend . As a preferred balance of these characteristics, 
the core layer comprises between about 60 and 90 wt.% hydrolyzed ethylene-vinyl acetate copolymer 

3 
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blended with between about 40 and 10 wt.% amide polymer. 

The EVOH contains at least 32 wt.% ethylene to achieve the desired film shrinkage and stretchino 
characteristics, and less than about 40 wt.% ethylene to achieve bubble integrity at the required stretch 
condrhons. As a preferred balance of these characteristics, the hydrolyzed ethylene-vinyl acetate copolymer 

5 contains between about 32 and 38 wt.% ethylene. 

The melting point of the amide polymer is below about 216° C (420° F) for compatability with the EVOH 
copolymer which typically melts between about 174 (345* and 185' C (365* F). Higher meltinq amide 
polymers are not suitable because of the presence of gels and unmelted particles in the final film extruded 
at temperatures suitable for EVOH without degradation. 

w The core layer constituents are provided in proportions and quantities such than the oxygen transmis- 
sion rate through the entire multilayer film is below about 3,6 crn^/m* urn thickness d bar (90 cc/lWmil 
th.ckness/24hrs./Atm). This is necessary to avoid spoilage of the food enclosed in the cook-in film due to 
oxygen passage from the environment through the film wall. The core layer thickness is preferably ud to 
about 7,6 urn (0.3 mils) to perform its intended function for the cook-in application. Thicker core layers do 

is not apprecmbly improve performance. The core layer is most preferably between about 1,3 (0.05) and 5 1 
urn (0.2 mils) thick to perform its intended function and provide maximum flexibility 

The first outer layer of this multilayer film is directly adhered to one side of the core layer, and in direct 
contact with the outer surface of the stored food product. This layer is primarily responsible for processabil- 
w a fJwT* for eXamP ' B aff ° rding * e needed stre!tehabil *y »«• Waxial orientation. This layer comprises a 

20 blend of EVA containing between about 7 and 15 wt.%. vinyl acetate, and between about 5 and 20 wt % of 
an ethylene vinyl acetate-anhydride functionality compound. The vinyl acetate content should be at least 7 
wt. h of the EVA to provide the desired high shrink, but no higher than about 15 wt.% to allow the needed 
b.ax.al or.entat.on. Higher vinyl acetate content makes the film excessively soft and not capable of biaxial 
onentat.on. A preferred balance between these characteristics is a vinyl acetate content of between about 9 

25 and 12 wt.% of the ethylene vinyl acetate. 

The ethylene vinyl acetate-anhydride functionality compound ("EVA-anhydride) content of the first outer 
layer is at least about 5 wt.% to permit the needed adhesion under cook-in conditions and avoid blockinq 
and not more than about 20 wt.% to keep the melt index of the first outer layer in the desired range for 
onentation and also to retain the desired good optical properties. These comprise a high gloss of at least 

so 60% and low haze of below about 12%. Higher percentages of the EVA-anhydride excessively increase the 
melt 'ndexand decrease the melt strength of the first outer layer so that it would not provide the needed 
film stretchab.hty.As a preferred balance of these characteristics, the first outer layer contains between 
about 8 and 12 wt% EVA-anhydride. 

The thickness of the . first, outer layer is preferably , between about 30,5 (1.2) and 66 urn (2 6 mils) 

35 Thinner layers may not perform the aforedescribed function while thicker layers do not appreciably improve 
processability of the film and may reduce film stretchability. P 

The second outer layer of this film is directly adhered to the outer side of the core layer (opposite to 
the first outer layer), and comprises a blend of EVA containing between about 7 and 15 wt.% vinyl acetate 
and between about 5 and 20 wt.% of the aforementioned ethylene vinyl acetate-anhydride. This layer is in 

40 d.rect contact with the environment including the heating liquid during cook-in. Since it is seen by the 
user/consumer, it must enhance optical properties of the film. Also, it must withstand contact with sharp 
objects so is termed the abuse layer and provides abrasion resistance. As with the first outer layer the vinvl 

abnTi ,T 5? 31 ]e TJ^ % ° f EW t0 Pr ° Vide the d6Sired hi 9 h shrink ' but no ^ than 
about 15 wt.% to allow the needed biaxial onentation. A preferred balance between these characteristics is 
45 a vinyl acetate content of between about 9 and 12 wt.% of the ethylene vinyl acetate 

The second outer layer thickness is preferably between about 7.6 (0.3) and 25,4 urn (1 .0 mils) Thinner 
layers may be less effective in performing the abuse resistance protection, while thicker layers may not 
improve performance in this respect and may reduce film stretchability. The multiple layer film of this 

» T nX 'T ? irradiated V l9Vel ° f betwee " 10 (1) and 50 kQy < 5 MR > to increase layer adhesion 
so strength at cook-,n cond.Hons. Lower irradiation levels do not provide improved strength and higher levels 

?r S d /o, rade * ee,on9ation pr °P erties °f *» 1ilm - A Purred balance is between about 20 (2) and 40 
kGy (4 MR), lrrad.at.on may be performed prior to biaxial orientation but is preferably done after this steo 
on the stretched and thinner film. v 
The second outer layer should contain at least 5 wt.% of the EVA-anhydride because it must provide 
55 good adhesion and resist domination under cook-in conditions, and also prevent blocking. The second 
outer layers EVA-anhydride content should not exceed 20 wt.% because higher levels excessively increase 
the melt index and decrease the melt strength of the second outer layer so that it would not provide the 
needed film abuse resistance. As a preferred balance of these conderations, the second outer layer's EVA- 
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anhydride content is between about 8 and 12 wt.%. 

The thickness of the aforedescribed three layer film is preferably between about 51 (2.0) and 89 urn 
(3.5 mils). Lower thicknesses reduce the effectiveness of at least one of the three layers to perform the 
aforedescribed functions, while higher thicknesses reduce the film flexibility and do not appreciably improve 
5 its performance. 

In general, various conventional additives such as slip agents and pigments can be incorporated in the 
film in accordance with conventional practice. 

While this invention is specifically described in terms of three layers, it should be understood that one 
or more additional layers may be directly adhered to the outside of either the first outer layer or the second 
io outer layer, but not between these layers and the core layer. By way of example, for improved meat 
adhesion certain ionomers may be added as a fourth layer to the first outer layer. The metal salt of an 
ethylene/organic acid copolymer sold by the DuPont Company under the product designation Surlyn 1 650 
is suitable for this purpose. 

The multilayer film of this invention is preferably manufactured in tubular form by simultaneous co- 
rs extrusion of the three layers using the conventional double bubble technique. This primary tube is biaxially 
oriented by stretching with internal pressure in the transverse direction and with the use of pinch rolls at 
different speeds in the machine direction. Then the bubble is collapsed. After cooling, the biaxially oriented 
tube is flattened and guided through an ionizing radiation field at a dosage of between about 10 (1) and 50 
kGy (5 MR). 

ao The stretch ratio in the biaxial orientation is preferably sufficient to provide a multilayer film with total 
thickness of between about 51 (2.0) and 89 urn (3.5 mils). A stretch ratio of about 8-15:1 will impart a shrink 
capacity of about 30-35% biaxial free shrinkage at 90° C (based on ASTM D2732). 

The multilayer film in wound up as flattened, seamless, tubular film to be used later to make bags. This 
may be accomplished by end seals, typically made by transverse heat sealing across the width of flattened 

25 tubing followed by severing the tubing so that the transverse seal forms the bag bottom. Alternatively side- 
seal bags may be formed in which the transverse seals form the bag sides and one edge of the tubing 
forms the bag bottom. 

Cook-in bags are used by placing the food product in the bag, evacuating the bag and sealing the open 
portion as by clipping. The evacuated product-containing bag is then immersed in a hot liquid bath typically 
30 about 66 (150° ) to 88° C (190° F). to uniformly shrink the film against the product outer surface. 

EXAMPLE I 

_ . .....In this _exampl&. an. embodiment of. the three layer film of this invention was compared with an 

35 apparently six layer commercially available cook-in film of the general type described in the aforementioned 
U.S. Patent 4,469,742. 

The inventive embodiment (sample 1) was prepared by simultaneous coextrusion of three layers to 
form a film including a 2,5 urn (0.1 mil) thick core layer of 80 wt.% hydrolyzed ethylene vinyl acetate 
copolymer containing 38 wt.% ethylene, blended with 20 wt.% Nylon 6,66 copolymer. This particular amide 

40 polymer has a melting point of about 207* C (405° F). The oxygen transmission rate of this core layer was 
about 1 ,6 cm 3 /m 2 urn thickness d bar (40 cc/M 2 /mil thickness/24 hrs/Atm). The first and second outer layers 
of sample 1 comprised a blend of 90 wt.% ethylene vinyl acetate containing about 12 wt.% vinyl acetate, 
and 10 wt.% of an ethylene - vinyl acetate - maleic anhydride terpolymer sold by the DuPont du Nemors 
Company under the product designation Bynel CXA E-162®. This composition has a melt index of 0.8 

45 dg/min (ASTM D-1238), density of 926 kg/m 3 (ASTM D-1505), melting point of 85° C (185° F) and Vicat 
softening point of 60* C (140°F). The first and second outer layer thicknesses were 51 itm (2.0 mils) and 
18 urn (0.7 mils) respecively and the total film thickness was about 71 urn (2.8 mils). 

The prior art cook-in film was manufactured by W.R. Grace Company's Cryovac Division and sold with 
a product designation CN-510®. It appeared to comprise six layers. 

so Samples 1 and 2 were tested for optical properties, % shrink, and seal strength at 90° C (194° F) (a 
commercially acceptable criteria), the results being summarized in Table A. 



55 
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Rim Sample 
No. 


Haze % 


Gloss (45' ) % 


% Shrink MD/TD 


Secant Modulus kPa (PSI) 


Seal 


1 
2 


2 
15 


85 
50 


41/44 
32/43 


103(15)M 
138 (20)M 


Good 
Good 



Table A demonstrates that the optical, strength and seal properties of the three layer inventive film are at 
least equivalent to a prior art commercially employed cook-in film appearing to have six layers 

EXAMPLE 2 

wJ^h e f X ^ Pl !' *, 9 aforedescribed inventivf > sample I was compared with EVOH-type core layer films 
wherein the first outer layer was eilher 100% EVA or 100% LLDPE of the butene-1 rtJ*LZ I « « T 

Mn a ^!fH. di f° Ve [ ed u that Sample 3 W3S Very difficu,t t0 biaxia,| y Wretch and that sample 4 had 
unacceptably low shnnk values of 14% MD and 22% TD. Based on a comparison with stmo e 1 ft h 
apparent that the first and second outer layer must comprise a blend of eSe vinyl aSSte and the 
ethylene vinyl acetate-anhydride functionality compound for biorientation and high shrink va, u 2 
EXAMPLE 3 

In this example, the aforedescribed inventive sample 1 was compared with EVOH - Nylon blend com 
layer films having 100% LLDPE first outer layer films of the 1-butene copolymer Woe SamnL ? h2 on 
wt.% Nylon 6,66-80 wt.% EVOH (32 wt.% ethy.ene, core layer, a 1 00%' DP ^£ o!terSyer o the 1 

^LT^T CarWde C0rP ° rati0n Pr ° duct desi 9 nation 751 °> « ^ Second outer ay r 

identical to the first outer layer. Sample 6 had a 30 wt.% Nylon 6,66-70 wt% EVOH (32 i % ethv onp 
core layer a 100% LLDPE first outer layer of the aforementioned -butene copdymer LTLTw 
ethylene vinyl acetate (12 wt% vinyl acetateVsecorid outer layer. Samples 5 and 6 we e tSed L nn^°, 
properties, % shrink, modulus of e.asticity. and their results Joompa«J.^2i.Tn^S B. ' 

TABLE B 



Film Sample 
No. 


Haze % 


Gloss (45*)% 


% Shrink MD/TD 


Secant Modulus kPa (PSI) 


Seal 


5 
6 


2 
13 


85 
48 


41/44 
15/21 
14/22 


103(15)M 
448 (65)M 


Good 
Good 
Good 



with?* 6 B T^JXJ" ou1standin 9 0P«cal and high shrink values of this invention cannot be achieved 
butenetS- Ny '° n ble " d ^ C ° re layer ' USin9 3 1 ° 0% LLDPE firSt 0uter 



h, P nd I example, the opfacal and shrink properties of sample 1 were compared with an EVOH - Nvlon 
blend core layer film having a 90 wt.% ethylene vinyl acetate - 10 wt% oolvethvip™ h*!* ,^ 
blend as the first and second outer layers. Sample 7 had aTsO vrt % EVoS^T * ? ^ ^ 
Nylon 6,66 blend core iayer. The J and second ouS "yers ^^1 ftS VTS55£ % - 
based adhesrve purchased from Mitsui Company as their product designation Admv SOO IT^?- 
behoved to be a LLDPE based resin wrth anhydride functionality but ^^J^^^^ 
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are summarized in Table C. 

TABLE C 



Rim Sample 


Haze % 


Gloss (45* )% 


% Shrink MD/TD 


No. 








. 1 


2 


85 


41/44 


7 


16 


46 


26/31 



Table C shows that the outstanding optical and high shrink values of this invention cannot be achieved 
with a three layer EVOH and nylon blend type core layer using 90% EVA-10% polyethylene based 
adhesive first and second outer layers. By way of comparison with the ethylene-vinyl acetate-anhydride 
terpolymer constituent of the inventive film, the adhesive of sample 7 contains anhydride and ethylene 
copolymer but no vinyl acetate. 

"EXAMPLE 5 

In this example, the delamination characteristics of sample 1 were compared with two different three 
layer films, each having a 70 wt.% ethylene vinyl acetate (12 wt.% vinyl acetate) and 30 Wt.% Nylon 6,66 
blend as the core layer. For sample 8 the first outer layer was 60 wt.% EVA ■ 40 wt.% LLDPE of the 
ethylene-butene-1 copolymer type, and the second outer layer was 100 wt.% EVA (12 wt.% vinyl acetate). 
For sample 9 the first outer layer was 50 wt.% LLDPE of the ethylene-butene-1 copolymer type and 50 
wt.% EVA containing 12 wt% vinyl acetate, and the second outer layer was 100 wt.% EVA (12 wt.% vinyl 
acetate). 

The conditions for testing the structural integrity of the samples for cook-in service was one hour 
immersion at 90° C. Under these conditions, samples 8 and 9 delaminated while sample 9 remained intact. 

EXAMPLE 6 

Sample 1 was formed into a seamed tube with one end sealed. The resulting article was hand stuffed 
with chunked and sweet pickled ham, placed in a mold and cooked in hot water. 

Another such article was hot water cooked without use of a mold. The heating regime was a hot water 
~bath~af 82 ° C ^180* F)" for five "hours, - then 88 ° C (1 90 * F) until the internal temperature reached 68*C 
(155° F). The sample 1 article survived mold cooking without breakage or film delamination. This perfor- 
mance was similar to the aforementioned apparently six layer commercially employed film sold by W. R. 
Grace Company under the product designation CN-510, used as the control. Adhesion of the control film to 
the cooked ham was superior to sample 1 , but high adhesion to the product is not desirable for all cook-in 
films and is not needed for the present film. The sample 1 article cooked without a mold was observed to 
split at the seam, but this was of no particular significance as a commercial embodiment would probably be 
in the form of a seamless tube. The optical properties of sample 1 when off the product were similar to the 
control, and sample 1 was considered commercially acceptable. 

EXAMPLE 7 

This example compares the blocking characteristics during extrusion of the sample 1 embodiment of 
the invention with two other three layer films having the same type of EVOH - Nylon blend core layer but 
EVA and polyethylene first and second outer layers without the anhydride - ethylene vinyl acetate 
terpolymer. Sample 10 had 70 wt.% EVOH - 30 wt.% Nylon 6.66 blend core layer, a 85 wt.% EVA (12 wt.% 
vinyl acetate) - 15 wt.% high density polyethylene (density of 0.950) first outer layer, and a 100% LLDPE of 
the butene-1 copolymer type as the second outer layer. Sample 11 had a 60 wt.% LLDPE of the butene-1 
copolymer type - 40 wt.% EVA (12 wt.% vinyl acetate) first outer layer, the same core layer as sample 10 
and a 100% EVA (12 wt.% vinyl acetate) second outer layer. The blocking characteristics of the primary 
tube formed from these films are compared in Table D as follows: 



7 
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Rim Sample 
No. 


Blocking Characteristics Of Primary Tube 


1 

10 
11 


No lamination 

Unstable; first inner layers laminated together 
Slightly tacky; first inner layers caused wrinkles 



Table D demonstrates that the maleic anhydride terpolymer-containing first and second outer layers 
unexpectedly prevents blocking, in contrast to similar films without the terpolymer. This was surprising 
because such terpolymers are described by the manufacturer as providing high interlayer adhesion when 
EVOH barner resms are melt extruded with EVA resins. On this basis, one would have expected contiguous 
EVA and terpolymer - containing outer layers of the primary tube to adhere together and create a blockino 
problem. a 

In a preferred embodiment, the three layer plastic film of the invention comprises three layers includino 
a core layer of between about 75 and 85 wt.% hydrolyzed ethylene-vinyl acetate copolymer containing 
between about 32 and 38 wt.% ethylene and blended with between about 15 and 25 wt% Nylon 6 66 
copolymer, sard core layer having an oxygen transmission rate below about 2,9 cm'/m* urn thickness d bar 
(75 cc/NP/mil thickness/24 hrs/Atm) and thickness of between about 1.3 (0.05) and 5,1 urn (0 2 mils) The 
first outer layer is of thickness between about 30,5 (1.2) and 66 urn (2.6 mils), directly adhered to one side 
of the core layer and comprises a blend of ethylene vinyl acetate containing between about 9 and 12 wt % 
vinyl acetate, and between about 8 and 12 wt.% Bynel CXA E-162® terpolymer. The second outer layer is 
of th,ckness between about 7.6 (0.3) and 25.4 urn (1.0 mils), directly adhered to the other side of the core 
layer and compnses a blend of ethylene - vinyl acetate containing between about 9 and 12 wt % vinvl 
acetate, and between about 8 and 12 wt.% Bynel CXA E-1 62® terpolymer. 

While the preferred embodiments of the invention have been disclosed hereinabove, those skilled in the 
art will appreciate that changes and modifications may be made therein without departing from the scope of 



1. A three layer plastic film comprising: 

a) a core layer of between 60 and 90 wt.% hydrolyzed ethylene vinyl acetate copolymer containing 
between 32 and 40 wt.% ethylene and blended with between 10 and 40 wt.% amide polymer having 
a melting point below about 216 C (420'F), said core layer providing an oxygen transmission rate 
through the film below about 3,6 cm3/m 2 urn thickness d bar (90 cc/m 2 / mil thickness/24 hrs/Atm)- 

b) a first outer layer directly adhered to one side of said core layer comprising a blend of ethylene 
vinyl acetate containing between 7 and 15 wt.% vinyl acetate, and between 5 and 20 wt.% of the 
blend of an ethylene vinyl acetate-anhydride functionality compound; and 

c) a second outer layer directly adhered to the other side of said core layer and comprising a blend 
of ethylene vinyl acetate containing between 7 and 15 wt.% vinyl acetate, and between 5 and 20 
wt.% of the blend of an ethylene vinyl acetate-anhydride functionality compound; 

d) said film having been irradiated at a level of between 10 and 50 kGy (1 and 5 MR). 

2. A film according to claim 1 wherein said ethylene vinyl acetate-anhydride functionality compound 
comprises between 8 and 12 wt.% of said first outer layer. 

3. A film according to claim 1 wherein said ethylene vinyl acetate-anhydride functionality compound 
comprises between 8 and 12 wt.% of said second outer layer. 

4. A film according to claim 1 wherein said amide polymer in the core layer is a Nylon 6 copolymer. 

5. A film according to claim 2 wherein said Nylon 6 copolymer is Nylon 6, 66. 

6. A film according to claim 1 wherein said hydrolyzed ethylene vinyl acetate copolymer contains between 
32 and 38 wt.% ethylene. 
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7. A film according to claim 1 wherein the oxygen transmission rate of said core layer is below about 2,9 
cm 3 /m 2 urn thickness d bar (75 cc/m 2 / mil thickness/24 hrs/Atm). 

8. A film according to claim 1 wherein the total thickness of the three layers is between 51 and 89 urn 
(2.0 and 3,5 mils). 

9. A film according to claim 7 wherein the thickness of said core layer is up to about 7,6 urn (0.3 mils). 

10. A film according to claim 1 wherein the ethylene vinyl acetate of said first outer layer contains between 
9 and 12 wt.% vinyl acetate. 

11. A film according to claim 8 wherein the thickness of said first outer layer is between 30,5 and 66 urn 
(1.2 and 2.6 mils). 

12. A film according to claim 1 wherein the ethylene vinyl acetate of said second outer layer contains 
between 9 and 12 wt.% vinyl acetate. 

13. A film according to claim 8 wherein the thickness of said second outer layer is between 30,5 and 66 
u.m (1 .2 and 2.6 mils). 

14. A film according to claim 1 which is irradiated at a level of between 20 and 40 kGy (2 and 4 MR). 

15. A film according to claim 1 wherein said ethylene vinyl acetate-anhydride functionality compound is a 
terpolymer. 

16. A film according to claim 1 wherein said ethylene vinyl acetate-anhydride functionality compound is 
ethylene vinyl acetate with anhydride grafted thereto. 

17. A three layer plastic film according to claim 1 comprising: 

a) a core layer of between 75 and 85 wt.% hydrolyzed ethylene vinyl acetate copolymer containing 
between 32 and 38 wt.% ethylene and blended with between 15 and 25 wt.% Nylon 6, 66 
copolymer, said core layer having an oxygen transmission rate below about 2,9 cm 3 /m 2 urn 
thickness d bar (75 cc/m 2 /mil thickness/24 hrs/Atm) and thickness of between 1 ,3 and 5,1 urn (0.05 

and 0.2 mils); . . . ..... 

b) a first outer layer of thickness between 30,5 and 66 urn (1 .2 and 2.6 mils) directly adhered to one 
side of said core layer comprising a blend of ethylene vinyl acetate containing between 9 and 12 
wt.% vinyl acetate, and between 8 and 12 wt.% ethylene vinyl acetate-anhydride functionality 
compound; and 

c) a second outer layer of thickness between 7,6 and 25,4 urn (0.3 and 1.0 mils) directly adhered to 
the other side of said core layer and comprising a blend of ethylene vinyl acetate containing 
between 9 and 12 wt.% vinyl acetate, and between 8 and 12 wt.% ethylene vinyl acetate-anhydride 
functionality compound; and 

d) said film having a total thickness of between 51 and 89 urn (2.0 and 3.5 mils) and having been 
irradiated at a level of between 20 and 40 kGy (2 and 4 MR). 

Revendlcatlons 

1. Rim de matiere plastique en trois couches, comprenant : 

a) une couche centrale constitute de 60 a 90 % en poids d'un copolymere ethylene-acetate de 
vinyle hydrolyse' contenant 32 a 40 % en poids d'tthylene, en melange avec 10 a 40 % en poids 
d'un polymere d'amide ayant un point de fusion inferieur a environ 216* C (720 F), ladite couche 
centrale confeVant une vitesse de transmission d'oxygene a travers le film infeVieure a environ 3,6 
cm 3 /m 2 /w.m d'epaisseur/jour/bar (90 cm 3 /m 2 /mil d'epaisseur/24 h/atm) ; 

b) une premiere couche exttrieure fixte directement a une face de ladite couche centrale, 
consistant en un melange d'un copolymere Sthylene-acetate de vinyle, contenant 7 a 1 5 % en poids 
d'acttate de vinyle, et de 5 a 20 % en poids du melange d'un compost a fonctionnalite" (tthylene- 
acttate de vinyle)-anhydride ; et 

c) une seconde couche extirieure fixte directement a I'autre face de ladite couche centrale et 
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consistant en un melange d'un copolymere Ethylene-acEtate de vinyle, contenanl 7 a 15 % en poids 
d'acEtate de vinyle, et de 5 a 20 % en poids du melange d'un compose a fonctionnalite (ethylene- 
acEtate de vinyle)-anhydride ; 

d) ledit film ayant Ete irradiE a une dose de 10 a 50 kGy (1 a 5 MR). 

2. Rim suivant la revendication 1 , dans lequel le compose a fonctionnalite (Ethylene-acEtate de vinyle)- 
anhydride reprEsente 8 a 12 % en poids de la premiere couche exteVieure. 

3. Film suivant la revendication 1, dans lequel le compose 1 a fonctionnalite - (Ethylene-acEtate de vinyle)- 
anhydride reprEsente 8 a 12 % en poids de la seconde couche extErieure. 

4. Rim suivant la revendication 1 , dans lequel le polymere d'amide present dans la couche centrale est 
un copolymere de Nylon 6. 

5. Rim suivant la revendication 2, dans lequel le copolymere de Nylon 6 est le Nylon 6, 66. 

6. Rim suivant la revendication 1, dans lequel le copolymere ethylene-acetate de vinyle hydrolyse 
contient 32 a 38 % en poids d'ethylene. 

7. Rim suivant la revendication 1, dans lequel la vitesse de transmission de I'oxygene de la couche 
centrale est inferieure a environ 2,9 cm 3 /m 2 /ii.m d'epaisseur/j/bar (75 cm 3 /m 2 /mil d'Epaisseur/24 h/atm). 

& Rim suivant la revendication 1 , dans lequel I'Epaisseur totale des trois couches est comprise dans 
I'intervalle de 51 a 89 urn (2,0 a 3,5 mils). 

9. Rim suivant la revendication 7, dans lequel I'epaisseur de la couche centrale va jusqu'a environ 7 6 urn 
(0,3 mil). ' 

10. Rim suivant la revendication 1, dans lequel le copolymere Ethylene-acetate de vinyle de la premiere 
couche extErieure contient 9 a 12 % en poids d'acetate de vinyle. 

11. Film suivant la revendication 8, dans lequel I'epaisseur de la premiere couche exterieure est comprise 
dans rintervalle de 30,5 a 66 wm (1,2 a 2,6 mils). 



12. Rim suivant la revendication 1, dans lequel le copolymere ethylene-acetate de vinyle de la seconde 
couche exterieure contient 9 a 12 % en poids d'acetate de vinyle. 

13. Rim suivant la revendication 8, dans lequel I'epaisseur de la seconde couche exteneure est comprise 
dans I'intervalle de 30,5 a 66 wm (1 ,2 a 2,6 mils). 

14. Film suivant la revendication 1, qui est irradiE a une dose de 20 a 40 kGy (2 a 4 MR). 

15. Rim suivant la revendication 1, dans lequel le compose a fonctionnalite (ethylene-acetate de vinyle)- 
anhydride est un terpolymere. 

16. Rim suivant la revendication 1, dans lequel le compose" a fonctionnalite' (Ethylene-acEtate de vinyle)- 
anhydride est un copolymere ethylene-acetate de vinyle portant des groupes anhydride greffes. 

17. Rim de matiere plastique en trois couches suivant la revendication 1, comprenant : 

a) une couche centrale constitute de 75 a 85 % en poids d'un copolymere Ethylene-acEtate de 
vinyle hydrolyse, contenant 32 a 38 % en poids d'ethylene, en melange avec 15 a 25 % en poids 
d'un copolymere consistant en Nylon 6,66, ladite couche centrale ayant une vitesse de transmission 
d'oxygene inferieure a environ 2,9 cm 3 /m 2 /um d'epaisseur/j/bar (75 cm 3 /m 2 /mil d'epaisseur/24 
h/Atm) et une Epaisseur de 1 ,3 a 5,1 urn (0,05 a 0,2 mil); 

b) une premiere couche exterieure ayant une Epaisseur de 30,5 a 66 urn (1,2 a 2,6 mils), fixee 
directement a une face de ladite couche centrale, consistant en un melange d'un copolymere 
Ethylene-acetate de vinyle contenant 9 a 12 % en poids d'acetate de vinyle, et de 8 a 12 % en 
poids d'un compose a fonctionnalite (Ethylene-acetate de vinyle)-anhydride ; et 
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c) une seconds couche exteYieure ayant une 6paisseur de 7,6 a 25,4 urn (0,3 a 1,0 mil), fix6e 
directement a I'autre face de ladite couche centrale et consistant en un melange d'un copolymers 
ethylene-ace'tate de vinyle, contenant 9 a 12 % en poids d'acetate de vinyle, et de 8 a 12 % en 
poids d'un compose a fonctionnalite (ethylene-acetate de vinyle)-anhydride ; et 
5 d) ledit film ayant une epaisseur totale de 51 a 89 urn (2,0 a 3,5 mils) et ayant etc" irradie' a une 

dose de 20 a 40 kGy (2 a 4 MR). 

PatentansprUche 

io 1. Dreischichtkunststoffolie, umfassend 

a) eine Kernschicht aus zwischen 60 und 90 Gew.% hydrolysiertem Ethylen-Vinylacetat-Copolyme- 
ren, enthaltend zwischen 32 und 40 Gew.% Ethylen, das mit zwischen 10 und 40 Gew.% Polyamid 
mit einem Schmelzpunkt unter etwa 216* C (420° F) gemischt ist, wobei diese Kernschicht eine 
Sauerstoffdurchlaflgeschwindigkeit durch die Folie von unter etwa 3,6 cm 3 /m 2 u,m Dicke d bar (90 

J5 cc/m 2 /mil Dicke/24 h/Atm) gewahrleistet; 

b) eine direkt eine Seite der Kernschicht beschichtende erste auBere Schicht, die ein Gemisch aus 
zwischen 7 und 15 Gew.% Vinylacetat enthaltendem Ethylen-Vinylacetat und zwischen 5 und 20 
Gew.% eines Ethylen-Vinylacetat-Anhydridverbindung-Gemischs umfafit; und 

c) eine direkt die andere Seite der Kernschicht beschichtende zweite aufiere Schicht, die ein 
20 Gemisch aus zwischen 7 und 15 Gew.% Vinylacetat enthaltendem Ethylen-Vinylacetat und zwischen 

5 und 20 Gew.% eines Ethylen-Vinylacetat-Anhydridverbindung-Gemischs umfaBt; 

d) wobei diese Folie mit einer Dosis von zwischen 10 und 50 kGy (1 und 5 MR) bestrahlt worden ist. 

2. Folie nach Anspruch 1, worin die Ethylen-Vinylacetat-Anhydridverbindung zwischen 8 und 12 Gew.% 
25 der ersten auSeren Schicht ausmacht. 

3. Folie nach Anspruch 1 , worin die Ethylen-Vinylacetat-Anhydridverbindung zwischen 8 und 12 Gew.% 
der zweiten Sufieren Schicht ausmacht. 

30 4. Folie nach Anspruch 1, worin das Polyamid der Kernschicht ein Nylon 6-Copolymeres ist. 

5. Folie nach Anspruch 2, worin das Nylon 6-Copolymere Nylon 6, 66 ist. 

6. Folie nach Anspruch .1, worin das hydrolysierte Ethylen-Vinylacetat-Copoly mere zwischen 32 und 38 . 
35 Gew.% Ethylen enthalt. 

7. Folie nach Anspruch 1, worin die Sauerstoffdurchlaflgeschwindigkeit der Kernschicht unter etwa 2,9 
cm 3 /m 2 urn Dicke d bar (75 cc/mu/mil Dicke/24 h/Atm) liegt. 

40 8. Folie nach Anspruch 1, worin die Gesamtdicke der drei Schichten zwischen 51 und 89 urn (2.0 und 3,5 
mils) betragt. 

9. Folie nach Anspruch 7, worin die Dicke der Kernschicht bis zu etwa 7,6 u.m (0,3 mils) betragt. 

45 10. Folie nach Anspruch 1, worin das Ethylen-Vinylacetat der ersten auBeren Schicht zwischen 9 und 12 
Gew.% Vinylacetat enthSlt. 

11. Folie nach Anspruch 8, worin die Dicke der ersten Mufleren Schicht zwischen 30,5 und 66 urn (1,2 und 
2,6 mils) liegt. 

50 

12. Folie nach Anspruch 1, worin das Ethylen-Vinylacetat der zweiten auBeren Schicht zwischen 9 und 12 
Gew.% Vinylacetat enthSlt. 

13. Folie nach Anspruch 8, worin die Dicke der zweiten SuBeren Schicht zwischen 3015 und 66 urn (1,2 
5's und 2,6 mils) liegt. 

14. Folie nach Anspruch 1, die mit einer Dosis von zwischen 20 und 40 kGy (2 und 4 MR) bestrahlt ist. 
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15. Folie nach Anspruch 1, worin die Ethylen-Vinylacetat-Anhydridverbindung ein Terpolymeres ist. 

16. Folie nach Anspruch 1, wcrin die Ethylen-Vinylacetat-Anhydridverbindung ein mit Anhydrid gepfropftes 
Ethylen-Vinylacetat ist. 

17. Dreischichtkunststoffolie nach Anspruch 1, umfassend 

a) eine Kernschicht aus zwischen 75 und 85 Gew.% hydrolysiertem Ethylen-Vinylacetat-Copolyme- 
ren, enthaltend zwischen 32 und 38 Gew.% Ethylen, das mit zwischen 15 und 25 Gew.% Nylon 6 
66 Copolymerem gemischt ist, wobei diese Kernschicht eine SauerstoffdurchlaBgeschwindiqkeit 
unter etwa 2,9 cm^ urn Dicke d bar (75 cc/nWmil Dicke/24 h/Atm) und eine Dicke von zwischen 
1 ,3 und 5,1 urn (0,05 und 0,2 mils) aufweist; 

b) eine direkt eine Seite der Kernschicht beschichtende erste auSere Schicht mit einer Dicke von 
zwischen 30,5 und 66 Km (1,2 und 2,6 mils), die ein Gemisch aus zwischen 9 und 12 Gew% 
Vinylacetat enlhaltendem Ethylen-Vinylacetat und zwischen 8 und 12 Gew.% Ethylen-Vinvlacetat- 
Anhydridverbindung umfaBt; und 

c) eine direkt die andere Seite der Kernschicht beschichtende zweite aufiere Schicht mit einer Dicke 
von zw.scr.en 7,6 und 25,4 um (0,3 und 1,0 mils), die ein Gemisch aus zwischen 9 und 12 Gew% 
Vinylacetat enthaltendem Ethylen-Vinylacetat und zwischen 8 und 12 Gew.% Ethylen-Vinylacetat- 
Anhydridverbindung umfaBt; wobei 

d) diese Folie eine Gesamtdicke von zwischen 51 und 89 wm (2,0 und 3,5 mils) aufweist und mit 
einer Dos.s von zwischen 20 und 40 kGy (2 und 4 MR) bestrahlt worden ist. 
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